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Coral*  and  So*  Pont,  Indicators  of  th*  Hydrological  Profile 
Zoological  institute  of  the  Aeadony  of  Soienoos  USSR 

X*  X.  Xoais 

Tfe*  problem  of  studying  the  profile  of  a  water  body 
is  on*  of  the  loading  problems  in  Marine  hydrology*  The 
Method  of  studying  the  water  profile  by  the  biolegioal  aharaete- 
rictios  oooupies  not  the  least  important  plane  in  the  selutlen 
of  this  problen.  As  lndloaters  of  the  various  water  Masses, 
various  species  or  subspeciOO  of  attlaals  can  he  used*  hut  the 
eacaot  o  lass  if  loot  ion  of  then  ean  be  uade  usually  only  by 
specialists*  It  is  auob  nor*  oenvenient  to  us*  groups  of 
animals  as  indicators,  all  or  the  majority  of  representatives 
of  shleh  are  associated  with  only  certain  water  naeees.  Under 
conditions  of  the  Arotie  and  Suharotio  oerals  and  saa  peas* 
that  is*  representatives  of  the  subclass  Oetooerallia  and  the 
two  orders  of  hadreporaria  and  Antlpathsrla  of  the  subolaoo 
Eexaoorallla  and  olass  Anthosoa,  earn  be  suoh  indioatore*  In 
the  Atlentle*  to  the  north  of  40  north  latitude  and  in  the 
Arotio  a  few  sooro  spoolo a  of  Oetooerallia,  Nsdr^awk'  and 
Antipatharia  aro  known,  living  ohiofly  in  the  bathyal  and 
abyssal*  In  the  shoals  of  the  Arotio  Soao  only  representa¬ 
tives  of  the  genus  Sunephthya  s*l*  (aloyonaria)  oan  b*  en¬ 
countered  in  this  group*  Throe  spoolos  of  Ootooorallia  live 
exclusively  in  the  cold  abyoaal  waters  of  the  Polar  Basin  and 
Scandinavian  deept  those  aro  th*  single  northern  reproeanta- 
tivo  of  the  order  Xonlldoa,  Carat ooeuloa  wandoli  (29) »  which 
roaehos  a  trwsendous  also  (alaost  thro*  motor*  )•  th*  sea  pen 
Uksbellula  enorlnu*  f.  enorinuo  (It,  15*  16)  and  the,  gergen 
coral,  noted  by  B*  Breob  as  Aeanslla  arbuseula  (lh),  but  whioh* 
in  our  opinion,  is  a  now  spoolos  which  has  net  yet  been  de¬ 
scribed*  Representatives  of  three  general  Zunuphtbya  s*l.  from 
the  sloyonarids,  Clavularia  of  the  group  ef  Stelonifera*  end  Tir- 
gu laris  of  the  eea  pens,  oan  be  enoeuntsred  both  in  the  abyanal 
Arotio  end  in  the  Atlantio  waters*  All  th*  other  oerels  and 
eoa  pens  live  only  in  Atlantio  waters* 

The  general  sohona  of  wator  circulation  in  the  Morth 
Atlantio  and  tha  portion  of  th*  Arotio  Sea  next  t*  th*  Atlan¬ 
tio  Ocean  nay  b*  represented  in  th*  following  way  (2,  22*  25, 

42,  43).  Along  th*  shore*  of  forth  Anerlea  a  powerful  warn 
current,  the  Oulf  Stress,  nevos  to  th*  northeast*  Passing 
through  the  southomnost  part  of  th*  Orand  Banka  of  Xowfound- 
land,  th*  Oulf  Stroan  begins  to  "spread  out"  into  ooparat* 
stroans,  the  naln  on*  ef  whioh— the  forth  Atlantia  opr  rent— cros¬ 
ses  the  oooan  and  goes  to  th*  area  of  th*  Taro*  Island**  On* 
part  of  this  ourront  goes  to  the  Norwegian  Sea  and  then  to  the 
forth  in  several  braaohos,  penetrating  into  the  Barents  and 
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Greenland  Seas.  Another  part  of  it,  th«  Irmlnger  eurrent, 
Tanning  into  the  Faroe -<Ioe  lend.  baffle  and  the  cold-water 
wail  of  tho  Bast  loo land  currant,  turns  to  tha  Vast,  washes 
tha  shoras  of  Iceland  and  goas  to  Groan  land.  Nixing  with  tha 
Aretlo  water*  of  tha  Bast  Ora*nland  Currant,  tha  watars  of 
tha  Irmlnger  currant  skirt  Farewell  Caps  and  fora  tha  West 
Greenland  our  rant,  which  more*  to  tha  North#  Tha  main  part 
of  tha  watars  of  tha  Qirraat  (about  75  poroant)  turns  to  tha 
west  at  tha  Greenland-Canadlen  buffi*  and  nixes  with  tha 
Canadian  cold  Our  rant*  tha  currant  formed  has  tha  name  of 
tha  Labrador  Currant j  it  novei~  to  tha  South  in  two  stream*, 

Tha  ooastal  stream  extends  aland  tha  taotonio  frao-  x 
tura  parallel  to  the  Eastern  shores  of  Labrador  and  Newfound¬ 
land,  and  than  partly  turns  to  the  West  and  goes  into  the 
Gulf  of  St.  Lawrsnoe  (bb),  partly  washes  the  * lopes  of  Green 
and  St.  Pierre  banka  and  nixes  with  Atlantic'  waters.  The 
main  straaa  wares  along  the  outer  margin  of  the  shelf.  In 
its  oold  osntsr  tha  tanperature  isi,o«*Oj  the  salt  content, 
32.5-34.0  grans  psr  thousand,  Nlth  increase  in  the  depth 
tha  taaqpsrature  and  salt  oontent  inoraaaa  to  2-3*5°  and  3b. 5- 

34.8  grans  par  thousand  (12,  13,  £3)« 

The  nain  stream  separates  off  a  quite  large  Planish 
Capa  branch,  which  passes  orar  the  northern  slope  of  flemish 
Capa  bank  and  foms  a  oonplex  system  of  oddy  currants  on  the 
bank  (1,23). 

Tha  nain  part  of  tha  water  of  tha  nain  etream  passes 
along  the  eastern  slaps  of  tho  Grand  Banks  of  Newfoundland 
and  outs  into  the  flank  of  tbs  Gulf  Stream.  The  water  of 
the  main  stream  nixes  partly  kith  the  Atlantic  and  partly 
submerges  to  groat  depths. 

Tha  ourrente-North  Atlantic,  Iminger,  West  Greenland 
and  Labrador— auric  a  up  a  largo  oyolonio  oiroulation  with  two 
Uallstases— Labrador  and  Irmlnger,  The  oiroulation  is  00- 
oupied  by  aubarotio  waters— the  product  of  tho  regional 
transformation  of  tho  Gulf  Stream  watars.  In  both  halistasos 
surface  water  drope  actively  to  depths  of  nor#  than  1.5-2. 
kilometers  and  abysmal  and  bottom  waters  of  the  North  Atlantic, 
are  formed  at  a  teeqperature  of  2,2-3, 5  and  with  a  salt  con¬ 
tent  of  3b.88-3b.97  grans  per  thousand  (5,  b2). 

The  Cabet  current  oarrlos  warn  and  freshened  ooastal 
waters,  extending  along  the  continental  shelf  of  Nora  Scotia, 
out  of  the  Gulf  of  St,  Lawrence.  When  the  coastal  waters  nix 
with  -he  waters  of  tho  Gulf  Stream,  a  speoial  water  mass  is 
formed,  the  water  of  tho  continental  torraeo,  whioh  occupies 
the  entire  specs  between  tho  ooastal  shoelc  and  the  main 
stream  of  the  Gulf  Stream  and  mores  to  tho  Bast  in  parallel 
with  tho  Gulf  Stream  (37) •  Nixing  with  the  Labrador  waters, 
the  waters  of  ths  tsrraeo  form  the  se-oallod  abysmal  ooastal 
waters  with  a  temperature  of  b«7°  and  a  salt  content  of  3b. 5- 

34.8  grams  per  thousand,  whioh  go  through  the  Laurentian 
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Oh  anafu  into  the  Gulf  ©f  St*  laurerao©  (26(  36)0  Isa  rsoocyo 

years,  it  has  been  noted  repeatedly  (1,  3)  that  wans  water 
penetrates  from  the  southwest  into  the  shoals  ex’  the  Grand 
Banks  of  Xewfoundland,  where  they,  mixing  with  the  Labrador 
waters,  fora  looal  bank  waters*  In  eeld  years  the  Labrador 
waters  ooeupy  all  the  of  the  bank* 

What  that  is  new  oan  an  analysis  of  the  distribution 
of  eorals  and  sea  pens  (Its  to  this  picture? 

In  195h-19e0,  oolleetiens  of  the  bettea  fauna  in  the 
Herthwestern  Atlantis  (?)  were  made  by  expeditions  of  the  Polar 
Scientific  Research  and  Planning  and  Designing  Institute  of 
Marine  Pishing  and  Oeeanography  iaenl  I*  M.  Knlpovloh  (PIXRO) 
on  the  researoh  ships  ‘Sevastopol1 * "  "Odessa, *  and  "Kovoroselysk* 
In  analysing  this  aaterisl  we  found  the  following  speoies  of 
o orals  and  sea  pens  (Table  1)*  The  Table  does  net  inelude 
the  eurytheraio  species  of  sea  pen,  Virgularia  airabilis* 

The  distribution  of  the  ferae  whioh  we  found  is  shewn  in  figs 
1  and  2* 

An  analysis  of  the  Table  and  figs  1  and  2  shows  that 
the  oorals  and  aea  pens  whioh  we  found  are  distributed  only 
along  the  continental  terraee  and  are  praotioally  not  found 
at  depths  of  less  than  200  or  aore  than  3,000  asters*  With 
what  is  this  adaptation  to  the  bathyal  /deep  water/  asse« 
oiated?  The  continental  shelves  of  the  Arotio  and  Subarotie ' 
are  oooupied*  ae  a  rule,  by  relatively  eeld  and  freshened 
waters*  At  the  its*  time,  the  upper  bathyal  of  the  Vorth 
Atlantic  and  Atlantic  portion  ef  the  Arotio  Ooean  is  washed 
by  waters  with  a  temperature  ef  no  less  than  2-3  and  a  salt 
oontent  of  higher  than  30  grans  per  thousand*  naturally* 
in  going  fren  the  tropics  te  the  pole,  the  shallow-water 
speoies  ef  eorals  and  sea  pens  drop  eat  of  the  group  of  feuna, 
and  even  in  the  temperate  latitudes  only  bathyal  wam-water 
speoies  are  maintained.  Being  adapted  te  speoiflo  conditions 
of  the  bathyal,  primarily  te  a  relatively  slow  norwaent  of 
water,  they  do  net  go  into  the  Shallow  water  even  under 
favorable  temperature  and  salt  eentsnt  conditions.  Thus,  in 
the  Mediterranean  Sea  the  appearanee  ef  Kophebelemnon  stelll- 
ferun  and  Punieullna  quadr an gu laris  are  a  sign  of  transition 
from  the  sublittoral  to  the  bathyal  (35).  A  rise  of  the  bath- 
7*1  forme  to  depths  of  less  than  200  meters  is  possible  only 
in  plaoes  where  an  intermediate  wa»  layer  goes  out  into  the 
shoals  of  the  Atlantio  waters,  that  is,  in  these  plaoes  where 
the  existential  conditions  approaoh  these  of  the  bathyal  at 
these  depths. 

In  the  Xorthwestern  Atlantio  sea  pens  go  out  to  depths 
of  130-130  meters  only  oooaslonally,  in  the  region  of  Xova 

Soetiffio  Ttee  fisdiag  ©f  Pegamatula  &©slea at!  a  dsgi&h  ot  133® 

132  E3t»0S?O  Q  ©<1  2iJSSP&2>d  tr-ag)  a®s=5>@ 

as  an  indication  of  penetration  ef  Atlantio  waters  into  the 
valley  ef  the  Seetian  shelf  and  their  rise  te  relatively 
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Distribution  of  Toloataooa,  Aloyonaoaa*  Oorgonaooa. 
Madr*poraiia*nd  Aatlpa th&rla  in  th«  Kawf  oundland-jJabrador 

«ogi©sa  Aooer&isig  t©  Sata  ©f  tsk©  E©8©@s>g&  gy,»a  &g 

1.  Para|©s?gia  arboreal  2.  Anthathel©  granaiflortmi  3.  Ao©». 
thogorgia  ar»ata;  4.  Paraararloea  plaoo.ua,  3.  Prianoa  raj^da.- 

/JJontinaed  on  next  pag^/ 
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shallow  depths*  this  is  ths  rssult  #f  the  low  power  of  tho 
upper  freshened  layer  of  eoastal  waters  at  More  Sootia  (39)* 

Very  many  sea  pens  are  found  In  the  laurontlan  Channel 
the  tmdef^ter  Talley  of  Cabot  ttralt*  Larne  Anthoptllum 
grandifloru*  and  Pennatula  grmmdls,  whloh  reaoh  60-70  oentl- 
aeters  in  height  and  whloh  Are  eeught  in  commercial  trawls 
in  quantities  of  soTeral  hundred  per  hour  of  trawling  are 
the  most  oharaoterlstlo  ooaponents  of  the  benthio  bioooenosls 
of  the  Channel.  They  are  enoountered  only  in  wans  abysnal 
waters, deeper  than  200-250  meters.  Their  strlot  adaptation 
to  these  waters  oonf Iras tho  140a  (36)  that  the  abysmal  waters 
of  the  Laurontlan  Channel  andCabet  Strait  are  an  Independent 
tmo  of  water*  The  abundanoe  of  sea  pens  in  the  Laurontlan 
Channsl  is  the  result  not  only  of  faroreble  temperature  and 
salt  conditions  but  also  ojP  tho  favorable  nature  of  tho  bot- 
tomt  the  sea  pens,  whloh  dig  into  the  bottom  with  tho  lower 
end  of  the  base  and  hot  growing  onto  anything,  naturally  pre¬ 
fer  soft  bottoms.  The  bottom  Of  the  laurentleh^hsnnsl  Is 
covered  with  ooae  and  qlayey  osso,  whereas  on  the  continental 
shelf  at  the  same  depth  (236-5OO  meters)  thefe  is  usually 
oosey  sand,  and  less  often,  sandy  fpse*  The*' reason  for  the 
unusually  high  oose  oontent  of  the  tMjttop  deposits  of  the 
trough  is  the  presenoe  of  a  baffle,  of  An  end  moraine,  which 
separates  the  bottom  of  tho  underwater  valley  of  Cabot  Strait 
dug  out  by  a  glaoier  from  the  continental  tefraoe.  Relative¬ 
ly  low  (it  extends  a  few  soore  meters  above  the  bottom  of  the 
laurontlan Channel  ),  this  moraine  markedly  o hangs s  the  con¬ 
ditions  of  the  water  oiroulation,  being  responsible  for  the 
slow  movement  of  water  in  the  bottom  layers  of  the  laurontlan 
channel*  The  great  oose  oontent  of  the  bottom  prevents  the 
development  of  oorals  in  the  Leurentian  Channel,  sine  a  they 
attaoh  to  stonoa*  Only  flaballum  alabsstrum,  whloh  lisa 
froely  on  tho  surfaoo  of  the  bottom,  is  quit#  ooamon. 

Corals  and  saa  pons  aro  abundantly  raprasantsd  on 
the  southern  slope  of  St.  Pierre  Benk*  They  ere  not  rare, 
although  thoy  are  relatively  few  on  tho  southwestern  elope 
of  tho  grand  Mewfoundland  Bank*  This  permits  us  to  oonalder 
that  the  souths rn  slops  of  St.  Piorro  Bank  and  the  south¬ 
western  slop©  et  the  Bank  arc  under  influ©a©o 

Atlantia  waters*  Ihes©  waters  are  intermediate  in  their 
temperature  and  salt  characteristic#  between  the  waters  of 
the  terraoe  and  the  Labrador  waters  and  represent  the  produot 
of  thoir  mixing*  It  must  be  supposed  that  the  penetration  of 
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,_i  U.  flrfpo*  hXmkam 
7  ao  Cgapcppsjsa,  «r  Sfc:> 

io  DernKjatis  ccn 
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U  9pooio»i  t»  Dopth  a*  khiob  taoottM«r«4»  li»lirii  3.  Dis¬ 
tribution;  0,  U«o«  ot  a  DOpth  »f»  NMm  (AoooxCIbi  to  Otto 
in  tho  U«wotun)i  5.  ClnooAnthosoa,  Subolao*  Ootooorallla; 
6.  Ofdfr  ToloalUMi  7*  Worth  Atlantic;  6*  Ovdor  ilejrmoMt 

9.  Vi^oOk  Trondheim  to  tho  Canary  Islands  and  from  Xovfouad« 
IomI  to  tho  Zoload  of  Grenada;  Boris's  Strait,  South  Zealand; 

10.  Order  twMMmt  U>  from  tho  Southwestern  fort  of  tho 
Barents  too  to  Portugal*  fro o  Labrador  to  Vow  Inc land,  low¬ 
land*  tho  Sooth  Atlantic*  oil  Worth  faolflo;  U»  froa  fin* 
markon  to  tho  Capo  fordo  Xa lands*  froa  Vowfoundland  to  Capo 
Cod*  afoot  Indies?;  13*  trow  Portugal  to  Moroeoo;  from  Vew- 
fonndlond  to  Capo  0od*  Zoo  land  t  iff.  from  JLofoton  to  tho  Capo 
fordo  Islands*  Vowfoundland*  Vow  Sn gland  and  Xoaldnd;  15* 
from  Lofotoa  to  Ikagorrak*  loo  land*  and  tho  faroo  Zalandoi 
16.  from  Voatorn  Murmansk  to  Portugal*  from  Sofia' a  Strait 
to  tho  Gulf  of  Maino*  forth  Paoifio*  Soa  of  Okhotok  and  Soa 
of  Japan t  17*  from  Oaf la' a  Strait  to  Vow  Snglahd*  Zoolandt 
18.  from  Zooland  to  tho  Canary  zalanda*  from  Bafio'a  Strait 
to  Vow  Iceland;  19*  from  Vowfoundland  to  tho  Zaland  of  Gran¬ 
ada*  foaalhly  from  Xroland  to  tho  Capo  fordo  Zalanda;  20. 

Ordor  fonnatulaooa;  21.  forth  Atlantic  (to  tho  forth  of 
lofoton  and  Bafio'a  Strait)*  Indian  Oooan  and  Japan;  22. 
from  Trondholm  to  tho  Nodittaranlan  Soa*  from  Vowfoundland 
to  YUoatan*  tho  Indian  Oooan  and  Japan;  S3,  from  Western 
S&sssnsk  to  tho  S©rth  StSs  Vowfeum&land  to  Cap®  8o40 

tho  Soa  e  t  Japan  and  tho  Soa  of  Okhotsk;  24.  from  Dario's 
Strait  to  Buoaoo  Alroo  and  tho  Capo  of  Good  Hops;  23.  from 
Lofoton  to  Skagorrak*  from  Vowfoundland  to  tho 

Islands;  26.  from  Lofoton  to  tho  Asoroa*  from  Dario's  Strait 
to  Chooapoako  Bay*  tho  Indian  Oooan;  2£.  Dario's  Strait 

ontinuod  on  next  pago/ 
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/fl?afel8  ocsioinissd  frss  previous  gag  ©7  C  Xss  the  Opinisa  of  f®  A® 
Pasterns?!  »S ) ,  Sue  ef  ths  Forms  of -I?®  ..phosphor®*,  L*»  s  Vi 4e- 
spread  in  the  Atlantia t  Faoifi*  **d  Indian  Oceans  at  depths 
of  20-3® 182  meters )t  28®  lubolfcss  29*  Order 

Madreporariaj  30*  from  Davis ‘ s  Strait  to  the  Equator®  from 
Ireland  to  the  Canary  Is lands  t  31®  Atlantio  (in  the  Eofth 
as  far  as  Mewfouadlaad®  Zeeland  and  Flamer  ken)  and  the 
Indian  Ooeahsi  Jt*  Order  Antipathariat  33.  Mvis's  Strait® 
Faroe  islands® 


Atlantic  waters  into  the  shodlf  of  the  Grand  Bank  is  a  regu- 
lar  phenomenon  £h  this  Area®  the  relative  pauoity  Of  o orals 
and  sea  pans  in  this  area  is  possibly  ths  result  of  the  faet 
that  the  Labrador  waters  eons  here  from  time  to  time  also® 

There  is  an  entirely  different  pioture  on  the  East¬ 
ern  slope  of  the  Grand  Bank®  Hera®  in  the  upper  bathyal  we 
did  not  find  either  oorals  or  sea  pens®  They  live  here  only 
at  a  depth  of  more  than  580  meters®  whioh  we  praotioally  did 
not  study  beoause  of  tha  exceptional  difficulty  of  trawling 
operations  on  the  steep  slope  out  up  by  underwater  canyons. 

The  main  stream  of  the  Labrador  ourrent  on  the  Eastern  slope 
of  the  Grand  Bank  ia  squeezed  between  the  Bahk  waters  in  ths 
uTest  and  the  Atlantio  waters  in  tha  Baft.  Along  the  Eastern 
margin  of  tha  Stream  actlva  wa tar-mixing  processes  ooour,  and 
the  mixed  water  drops  aotively  to  the  hottest®  Sponges,  hy- 
droids®  bryosoans  and  polyohetes®  sabollids®  that  ia  animals 
which  feed  on  partioles  suspended  in  the  water  and  whioh 
develop  only  when  there  are  bottom  our rents  of  adequate  in¬ 
tensity®  are  very  abundantly  repreeentad  on  the  Eastern  slope 
of  the  Bank  and  drop  te.  depths  of  300-400  meters®  As  far 
down  as  300-400  and® in  plaees  500  meters®  such  shallow-water 
animals  as  the  oaks  urchin®  Sohinaraohnius  p&rma*  and  the 
bivalve  mo Husk®  Oyrtodaria  aliqua®  are  found®  The  sandy 
bottoms  here  are  noted  to  a  depth  of  200-230  meters ;  ooaey-eandy 
bottoms®  to  700-800  meters  (on  the  southwest  slope  of  the 
Bank®  to  100-150  end  200-250  meters®  respectively).  The  lew 
water  temperature®  usually  0-+2  and  the  hard  hot  teas  do  net 
permit  the  warm-voter  sea  pens  end  oorals  to  live  here® 

We  found  a  multitude  of  oorals  and  sea  pens  (15  speolee)  on 
Flemish  Cape  Bank®  It  is  separated  from  the  Grand  Bank  of 
Newfoundland  by  a  narrow  (about  10  milos)  underwater  strait 
whose  flat  bottom  lies  at  a, depth  of  1200  meters®  Despite 
the  narrowness  ef  the  stroll®  the  fauna  of  Flemish  Cepe  are 
very  huofc  different  from  the  fauna  of  the  adjacent  area  of 
Grand  Bank®  Thera  aft  praotioally  no  oold-water  animals  here* 
a  number  of  lower-aretlo-beroal  species  with  divided  artafc’ 
of  distribution  (nos^hem  part  ©£  tiao  !?©©&£&©  Ooean.ass^' 
Northwest  Atlantio),  suoh  as  the  oaks  urehin®  SohinaraOhn&u* 
par ms,  the  erab  Chionoeoete*  epllio®  and  a  number  of  efUeri® 


9 


are  alee  absent  free  the  flealah  Cape,  At  deptfes.  frass  2§0 
te  30S-S50  iitifi  («•  hydraids  and  «Sr*»  0f^*S  CtCTo 

ieasly  represented,  altheaBs  there  are  aaeh  fewer  #f  thea 
them  ea  the  toflMu  »1«h  t*  GHrend  Bulk*  This  lywriu  far 
an  laoreaaed  rat*  e f  aeronaut  ef  him  water  la  the  festtea 
laysrs,  althea**  the  opted  ef  the  earreat  ia  far  frew  reaoh- 
in«  the  lerel  ef  that  if  the  la* tern  slept  ef  OrandBaak. 

At  thie  depth  there  la  a  predemlaaaee  ef  boreal  ferae  ef 
aniaalss  however,  there  are  ae  aea  pent  even  here  aad  eerala 
are  eaeeaatered  efcly  ee*asi®nally.  flaalljr,  bogiaiiai  with 
a  depth  ef  330~340  aeteyb .  an  area  ef  abandonee  ef  eerala. 
aea  p#j*  aad  other  wem-water  aaiaali  encircling  the  Bank 


Fig  3.  Longitudinal  Seat  lea  Through  f  leal  ah  Cape  Beak  at 
47*  forth  latitude  (the  Tort  leal  Seale  la  Apprexiaetely  200 
Tinea  Greater  Than  the  HeMseatal)  aad  the  Bathynetrle  Dis¬ 
tribution  ef  Cerala  aad  Sea  Peaa  ea  the  Baas  Between  40*4© 1 
and  47*20*  forth  latltutdes  !•  Paragergia  GG-berea*  2.  Antho- 
thela  craadlflerai  3.  Parawurleea  plaoeane;  4.  fadielpea 
tree  ilia*  5.  Aoaaella  arbuaeulat  o»  Bathypathes  aretloai 
7*  Flabellaa  alabaatruat  8.  Aathaaaatus  craadlfleruat  9. 
Laphella  pertuaat  10*  Paveaarla  flaaarehleat  11*  Anthep- 
tiiiM  graadlflerua. 


the  ahalleveat  water  part  ef  the  Baak  la  waahed  by 
aubarotio  Vetera  ef  the  flnaish  Cape  braaeht  the  betton  taw 
perature  at  depth!  up  te  200  aetera  ia  2. 6-3. 6*4  the  aalt 

o«st#nt0  34 0 4-24  <,7  grass  per  tfeoasan&o  Ira  tfe©  area  1®  which 
the  e©ralo  aai  p®as  liro  the  b©tt®s  te^o^c&tsjPQ  lo  3o2° 

4a0  »  the  aalt  content,  34.8*34.9  graaia  per  thousand,  These 
are  abysnal  labrador  waters,  apparently,  with  a  certain  ad- 
niature  ef  the  waters  ef  the  terraoe  ooaiag  te  tlwalah  Cape 
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Bank  fro*  thi  South*  At  a  depth  of  809  to  300 •“355  motors 
the  mixing  area  of  those  waters  is  found*  it  must  he  sup- 
posed  that  the  localisation  of  the  three  forties!  hydro- 
logical  and  faunal  sones  in  depth  is  associated,  to  Soane 
degree,  with  the  topography  of  the  bottom  or  the  dank* 
Charaeteriatio  of  tho  geomorphology  of  tho  flemish  Capo 
Bank  is  the  steepness  of  tho  sou  thorn  and  aastarn  slope* 
and  tho  gently  sloping  nature  of  the  northern  and  wostern 
slopes,  where  two  torraoes  are  readily  noticeable *  apparently 
submerged  shorelines,  at  depths  of  about  150  and  27®  meters* 

The  lower  terraoe  is  bounded  by  lew  (5-10  sisters )  prejeo- 
tiona  at  depths  ef  850  and  500  maters  vhleh  apparently  eii- 
oirole  the  entire  Bank  (h).  Zt  may  be  supposed  that  the 
age  ef  these  terraoee  is  Pleistocene,  beoause  the  terraces 
found  by  Heltfdahl  (87)  at  a  depth  ef  870  meters  along  the 
shores  ef  Morway,  Scotland,  Ireland  Mid  Zeeland  mere  con¬ 
sidered  by  him  and  Bigg  (bl)  to  belong  to  tho  period  of  maxi¬ 
mum  glaolatlen  and  tho  terrace  found  at  a  depth  of  150  motors 
In  the  region  of  tho  underwater  Bud  son  Canyon  (lew  Bngland) 
is  referred  to  the  Wisconsin  CHaoial  Period  (8b)* 

At  a  depth  of  loss  than  If#  motors,  on  tho  upper 
terraoe,  tho  bottoms  arc  sandy,  tho  ourrents  an#  quite  not¬ 
ice*  On  the  western  elope  of  tht  Bank*  on  tho  surface  of 
the  seoond  terrace,  there  is  a  patch  of  sandy  ooso  (b)  whioh 
ooinoidoc  with  the  position  ef  the  region  of  warm  ourrents 
(23)*  Along  the  margins  of  the  seoond  terraoe  the  spaed  of 
tho  ourrent  is  increased)  the  bottom  le  cosy  sand  with 
stones*  Such  a  bottom  occurs  also  in  tho  area  ef  develop¬ 
ment  of  the  oerale  and  sea  pens*  trident lya  the  absence  of 
oorals  and  sea  pens  from  the  lower  terrace  is  not  determined 
by  the  conditions  ef  the  bottom  and  net  by  tho  difference  in 
temperature  and  salt  content  whioh  are  not  negligible  factors 
for  the  animals*  but  speelfloally  by  the  faot  that  lower  than 
300-350  meters  there  is  a  prevalence  of  abysmal  labrador 
waters  mixed  with  waters  of  tho  slope*  Aooording  to  the  feiolcgi* 
ctl  eha  root  or  1  st  icathis  type  ef  water  1*  very  mu  oh  different  not  only 
from  the  suharotlo  water  of  tho  flemish  Gape  bran  oh  but  alee 
from  the  waters  of  the  mixing  area  at  depths  of  200  to  300- 
350  meters*  Zt  le  ourleus  that  at  depths  ef  800  to  300-350 
meters  there  is  a  predominance  of  the  "golden  rodfish" 

Saba st es  marinus  (linn o)  and  lower  than  that,  of  tho  "deep¬ 
water  rodfish  w  (Sebastes  mentslla  Travn*)  in  the  fish  oatohes* 

To  the  northwest  of  flemish  Cap#  Bank,  on  tho  conti¬ 
nental  shelf  of  northern  newfound  land  add  Labrador  we  did  not 
once  enoountor  a  sea  pen,  oxo opt  for  tho  eurythemlo  spool##, 
virgularla  mirahllis*  no  Antlpatharia  wore  found  there  either* 
However,  four  epcoles  of  Bergen  oorals,  Paragorgla  arbor oa, 
Prlmnoa  reoedaef ormis,  Anthothela  grandiflora  and  Traohy- 
murleoa  kfikonthall-owore  still  noted  ©les§  tha  ©tesg'os  ef 
LaSssr-adcff* .  Here,  they  as*®  ©saeouatersd  at  a  depth  ©?  &©  &«©© 
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ttorn  aaaally  at  depth*  etf  a»Ocs**_e 


ITrWTBin  i3*  t  w 


shelf  4af 

Bklli*  ■  aftllMkUt'  IM 


(H^4  eea  areftlie*. 


Sedha  araa  fir  I  me  imia  ilea  the  eftytt ml  Labra¬ 
dor  «Ki«H  hdre  «  betteei  tjQjtBBfefa  ef  uft  *  «el« 

•Mtw«  if  3w*foiTi>oiii  per  HkftftMft,  "that  i»,  alaeat  the 
•mm  iftmtwlitlia  m  the  water*  Off  n«ftik  Oape  Saak* 
Uuftf in«  the  AiMimI  wet  are  dff  4ft*  Tab refer  (lilrial  ftawa  : 
aethiay  la  •ftim—  with  the  water*  *f  Hu  ••34  liitef  @f  -&e 
labradef  Oarraat  (adgbOlwe  tOageratare,  salt  aeatea*  af  leaii 
than  3%  f«ftftft  pftp4uniMMI)«  ^Sftftft  are  wedlfied  Atlwlla 
waters  •fteiftf  ft«a  the  afterea  if  ftiftnl  ftfinlMi*  they 
Mti  te  tiw  iftitli  lirtertftt  flit  MlA  etreaa  «ft  the  Bast, 
(these  water*  ipwlflMUr  «rt«r  fti  Yl4al*h  Oape  sheal*) 
mA  lyta*  mi  fti*  bette*«  The  abyaaal  fainAM  water#'  fa 
late  the  uAirfttir  ntllijn  #f  the  ikilf»  toft*  ]«4|U|  by 
tft»  akiiMi  «F  oifili  frw  thin  vtllifi,  tkl*  iMtri  in 
Tory  mm  11  4watltl9S» 

Khar  i*  tfta  waret-watar  faaaa  ••  p4*r'»laec  tha  Bharat 
if  labrador?  Dm  t*dp*rdtefa  Aiffimii  batwaea  'tha  waters 
•f  Utoitf  «ad  flenlek  day*  Saak  at  depth*  if  were  fhaa  300- 
350  Mtiri  la  allgkti  tfta  iwttiai  an  th»  iaat»  Ok*  4i|ru  • 
ef  water  Mobility  !•  ala«  apparaatly  tfta  *a*a.  Bmwt  tfta 
ant  DaiMtiriBtli  fnt«n  if  tfta  beatho*  ift  tfta  ttpper 
bathyal  aaftr  Xabrader  aii  »ewf  Mislead*  whieh  ttltln|ililMi 
it  Markedly  free  tfta  ftftiitftaa  af  f leaieh  uepe  Baak«  la  tfta 
•Mftliti  axlataioa  af  warn  -water  aad  eeld-vater  epaeie*. 
Spaelfieally,  alaaf  with  tfta  warn  water  aaral a.  Prlamaa 
reeadaefaral*  and  Pareyarfla  arharaa*  tftara  are  aaeft  oald- 
watar  aeliaale  a a  tfta  aea  lllya  SeUaewtra  § lablali*  and 
tfta  staff left*  ftpfcartar  farelfar*  This  ^etieMsaaa  beeeaaa 
andaratandaftla  If  we  keep  la  vied  tfta  yearly  and  yetewdsi’- 
▼arlatleae  la  tfta  lstsasity  af  tfta  oeld  atraaa  ef  tfta  S^bra* 
dar  oarraat  (*)•  laeraaaa  la  tfta  pawar  af  the  oarrent  ef 
tfta  Calf  Streaa  vat era  lavelvae  aa  laeraaaa  la  the  decree  te 
wftieft  oeld  water*  are  oarrlad  eat  ef  tfta  felar  Bed  la  aad» 
therefore*  aa  iaoreaee  1*  tfta  power  ef  tfta  eefcreat  af  eold 
Idbrader  water#*  Badaetlea  la  tfta  paver  ef  tfta  oarraat  ef 
Ottlf  Straea  water*  brine*  abeat  a  weakealag  af  tfta  oeld 
•traea  ef  tfta  labrador  Oarraat*  A*  tfta  raaelt,  aaetlan* 
af  tfta  appar  batftyal  la  the  mm  area*  three eft  wftloft  the  aaln 
etreaa  af  tfta  Ubradarfterreat  peaces  are  aadar  tfta  lafluaaaa 
*«||if  warei,  aav  af  Oeld  water*.  laterally ,  aader  eaeft  oea- 
difba*  ehly  tfta  qait*  eaafetftenele  ferae  ef  wane-water  aal- 
ml«  ©as  swrriweo  ■  A©taally0  all  fear  speoia®  ef  < 


fcgyyfrN*frf  wasff  v.v7TJMT>  M  *^.T7>:W>w  >  F 


the  share*  ef  Berway*  delay  te  the  aerth  ef  the  Arotlo 
Cl role* 


Tho  waters  of  the  3 ? id  seats?  ©f  the  ssaia  stress  do 
net  go  te  the  flemish  @»t>e  Ba®&  judging  by  the  sfcsene®  of 
oold-wa6©r  ©poo loo.  tfc®  efeaeno©  ©f  ©pco-ico  with 

•operated  pacific -woe t ora«Ai “  ©no i o  trees  of  dietsr-f^blea 
fro*  flemish  Capo  imdiseisi  the*  tusk  wets*-©  »?•  sat 
oono  into  flemish  Oope  for  tile  lest  sevsrel  thousand  years. 
Those  salmis  ponotratsd  lets  the  Xswfewndlsad  even  fros 
the  Poolfio  Oooea  along  the  norther*  shores  of  O&uada* 
apparently  during  the  period  of  tip  post-glacial  climatic 
optimal  *000-4000  peers  ego.  the  hydrological  eeaditieus 
end  the  bettea  ef  the  sheal-aite*  beaks  ef  flemish  Oepo  ere 
favorable  fer  thsa»  bat  adult  aaiaals  oeanot  git  threegh 
the  greet  depths  of  the  fltreit  Whisk  soperetos  flendsh  Oepo 
f  roa  dread  Beak  where  they;  live.  If  the  oold  Labrador  waters 
washing  the  sheelo  ef  Oread  Beik  teas  te  tleaish  Oepo  they 
would  bring  with  thea  the  lervde  Of  those  animals,  ead  e 
different let ed  pepuletloa  ef  Peolflo-Vostora-Atlaatle  eai- 
aeio  would  bo  formed  et  tloaieh  Oepo,  idloh,  as  we  see*  did 
not  ooour.  Oeaerelly  speaking,  the  water  profile  in  deep 
water  depends  te  e  troaoadous  degree  on  the  topography  of 
tbo  bottoa  (36);  thoroforo,  It  aey  bo  oenoidered  that  tho 
typos  of  wators  whloh  we  here  analysed,  sanely*  the  sold 
Labrador  waters,  the  warn  abyoael  Labrador  waters,  the  waters 
of  tho  flemish  Oepo  bran  oh.  tho  waters  of  tho  southwestern 
slops  of  Oroad  Bank,  tho  abyssal  waters  ef  the  Lanreatien 
channel,  era  by  as  weens  temporary  f amotions.  Their  hydro- 
logioel  oharaotorlotioa  oould  have  sad.  sen  still  ohango  te 
a  oertaln  degree,  but  their  distribution  ead  basio  properties 
of  those  typos  of  waters  hero  not  undergone  essential  ohaagee 
sines  the  loo  of  tho  lest  gleeietlon  asltod  end  slnoe  the 
modern  water  conditions  wore  ostebllohod  in  tho  forth  atlentlo. 

Berth  of  tho  Groooland-Cawadian  underwater  aerelne 
there  are  no  wara-weter  o orals  or  see  pens;  in  tho  ebysaei 
wators  of  Baffin  Bey  enlaels  of  tho  high  erotlo  lire,  suoh 
as  tho  see  pen  Bmbollule  onerinuo  f.  ottorlnus. 

Along  the  southwostom  shores  of  Greenland,  eooording 
to  the  dote  ef  X.  B.  Sidorenko  (9)  end  his  collections,  whloh 
ho  gave  ua  for  olaseif lest Ion.  the  Gorgonaoea  Peregorgie 
arboroe  and,  loss  ooaaonly,  Pereaurlooe  plsooaus  and  Prianoa 
rsoodaoformls  live.  This  last  Spsoios  is  also  encountered 
near  Tarovell  Capo  at  relatively  low  depths,  about  IOC  motors. 
Tho  corals  also  go  into  the  underwater  valleys  of  the  shelf 
and  into  the  abyoael  sections  of  the  Greenland  fjords  here 
(9*  38)  •  Therefore,  the  Atlentlo  water  current  here  ie 
stronger  then  along  tho  shores  of  Labrador.  This  is  natural, 
for  an  route  froa  Greenland  to  Labrador  the  temperature  end 
Yoluae  of  tho  Atlentlo  ocean  water  carried  by  tho  our rent 
fall  off  considerably. 

CorcXe  and  sea  peas  ar®  very  abundantly  y©pg,©0©ut©H 
soar  the  shades  of  w@s$© ra  Greenland  in  the  lower  ba&hyal, 
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at  4«nt*ui  «f  f«o«27  waters'*  Bern,  Tele stole  septentrionalis; 
XtdiM  AlofoMMii  Aathswdatua  graadlf lerus  Terrill,  cergsn- 
aoMi  PMi|ir|tft  ubim  (l«)  (it)  Aatbo thole  grudifUn 
(M.  Sara )  i  Aeanthogorgia  amata  Yarrlllt  r«r«mrloH  plaoe- 
mu»  (L.);  Trathyaurieea  katteathAll  (hr  sob)  i  Fr  Iwnea  rsaedae- 
f  orals  (Ouaa.)t  Steaagergle  Somalia  Krenpi  I.  rs«#s  Grieg; 
Radiol  pas  eballengerl  jTrtgwt  4  ftudsr);  I.  gresilis  (Terrill)  t 
ioMsll*  arbaftoule  (InilMlt  Is  Ida 11a  Jefatenal*  X.  Sarot 
Geretoisis  ornate  Terrill  Peaaatnlaoea*  Poaaatula  aculeate 
Kor*  a  Den.;  r»  tsaadla  Jhranbei  .  F*  phaaphe  raa  U  F*  aoalaata 
Jungoraaai  Stylainla  alagaaa  Ear *  4 Paeanaria  fin- 
aarohloa  Ms  fare;  Halipterls  ohriatll  (||r«  a  Den. )  t  Puni- 
oulina  quadreegu laris  (Pall.);  PretsptHun  thanasni  Kall.t 
Distiohaptilua  graeile  Tarrlllt  Antheptilaw  grandlflerua 
(Vsrrlll) ;  Kophsbelewnea  (Sukapdabalaaaaa)  atellifenm 
(0.  T.  Muller) t  Onbellule aaariaas  lindahll  Kall.t  Madre- 
porarlat  riebellaw  elabestruu  and  other  apoolaa  (30,  33* 

38).  Tho  abnikdanoa  of  wam-weteraninala  at  suoh  depths  la 
possibly  otanaotad  with  tho  faat  that  snbarotlo  water's  In 
the  labrador  simulation  drop  ta  the  bottoa,  causing  an 
alaost  oeuplete  teaparature  unifomlty  at  dapths  fro*  200 
asters  to  tha  batten  la  this  areas 

Awarding  to  the  material  of  the  PQ10  expeditions 
and  data  In  thellteratare  (18-21,  28-3%,  38,  to,  83,  86 
and  others),  we  aade  eat  a  nap  of  tha  dlatribatlea  of  36 
wam-watar  and  two  o eld-water  apoolaa  of  oerala  and  sea  pans 
In  tha  Perth  At  lent  io  and  adjacent  part  of  the  Arotle. 

(rig  8). 

On  the  nep*  tha  northern  boundary  of  distribution 
of  tha  wam-watar  apoolaa  la  raadily  seen*  It  oolnoidaa  with 
tha  boundary  of  distribution  of  tha  oa id-water  feme  (wam- 
watar  and  o© ld-water  speoles  were  net  enoeuntered  a  sing la 
tin#  tegathar).  This  boundary  aaparates  the  Atlantio  boreal 
and  aratlo  arena,  However,  while  In  the  raglena  of  the  At¬ 
lantic  baffle  and  Xerweglaa  lea  thin  boundary  is  defined 
▼ory  distinctly  by  tha  distribution  of  wam-watar  aorala  and 
soa  pans,  in  tha  regions  of  Labrador,  Xewfeundiand  and  Baffin 
Land  la  tha  Vast,  and  la  tha  ration  of  tha  Bar  ants  and  Omen- 
land  teas  in  the  Bast,  it  is  poorly  outlined*  Par  tha  Xorth- 
weat  Atlantio  it  has  boon  noted  above  that  tha  gradual  ir- 
poTsrishnant  of  tha  fanna  in  going  along  the  sour  as  of  tha 
straaa  of  Atlaatlo  watara  ©sours  gradually  under  the  ln- 
fluenoe  of  local  hydrological  ohanges*  The  earn  le  true 
for  tha  Xorwagian,  Barents  and  Greenland  Sana,  Many  apoolaa 
of  coral*  and  sea  pens,  auoh  as  Aoanalla  arbuaoula,  Anthop- 
tilffl  gF&nditlfrra  and  plahalljw  as*©  ©at  ©s©©mQ® 

terad  north  sf  tha  Atlantio  thr@*h *34%  4  whole  aeriae  of 
spaolas,  nanely,  Anthems  tu*  grandlf larua ,  Paramurlooa 
plaoonus,  Traehywurlosa  kdkanthali ,  Xsldalla  lafatansla, 
Pennatula  grandis  p,  a aw lout a,  and  othars  arc  net  noted 
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Wig  K  Diotrlbatloa  if  0»wla  *»d  Sm  Poao— Iadioator*  if 
Mm  Vein  Hum  la  tlw  «ad  An|in  1*  Oild4l*« 

s»r«lMi  1.  Van-Vatu  fyooloi?  3*  Wafa  OwruMf  *.  Cold 
Caaraatot  5*  ttxil  lfatar  OarroaOoi  6*  Xaobafe. 

fkrltai  lumli  Baalfaato  «b  following  Owroato*  X* 

Oalf  l%y©«38  SI®  leftk  JteXaatlo  Carets* |  X2X®  ®8sa<& 

of  'c2io  EoFraj?  6as*r«e^ g  Xf.  Wtsfctffa  Bfaatk  *f  &e$3»ay 
Oareoatf  ?.  Iirth  Oayo  Owrmtt  TX.  ConotaX  Bvaaoh  of  tfc* 
Nmuik  Oareaati  «p«flM  Nila  Breath  of  tho  Noreaaik  Curran* » 
txxx.  ooatrel  Breath  of  Mm  Mumaaak  Oareaati  XX.  Xorthara 
Braaoh  of  Mm  Xorth  Oapa  Currants »  X.  ,  Bare  Oareaati  XX. 

^Oantiuuad  oa  noxt  pagf/ 
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/fig  b«  Continued  frea  previous  page*/  South  Gap*  Current j 
XXX.  West  Spitsbergen  Current;  XXXX«  Beet  Greenland  Cur¬ 
rent;  ixv.  last  lee  land  Currents  30?*  Swinger  Current; 
xr I.  Wait  Greenland  Currents  xtxx*  Canadian  current! 

XVIII*  Labrador  Currents  XXX*  Coastal  Stream  ef  the  Labra¬ 
dor  Currant;  XX*  Main  Strcamof  the  Labrador  Currents  XXX* 
flemish  Cape  tiureaob;  XXXX*  Cabot  Currant* 

.  .  .;•?<# '44,“tater  Spools* 

Xeni ideas  Carateoaulen  wandeli  Jungersen,  Pennatulaoea; 
TMbellula  Ouerlmta  f,  0neri«m*(it*7. 

Warn-Water  Speoles 

Telettaeeai  TeleAtula  SObt edtrionalia  s  Madsen  Aloyonaoea; 
totl&mastus  grand if latce^T  trr i  11 »  Oefgenaoea;  Paragorgia 
arborea  (L*)  (&•)  Anthe&heln  grandlflera  (N*  tars)}  Aoantho- 
gorgle  ermate  Terrills  IParaiiiurioae  plaoonut  (L*)s  Traohy- 
aurloea  kukenthali  (ttreoh)  t  Pr Samoa  reseda  efornls  (Gunn.)s 
Stenegorgia  borealis  Xraap}  S*  retea  Griegs  Badlolpea 
challenger!  (Wright  A  Studee);  A*  graollli  (Terrill) s 
Aoanella  eitousoula  (Johnson) |  Xaidolla  Lefotensls  M*  tares 
Gerateiele  ornate  Verrlll  Pennatulaoea s  Pannatula  aouleata 
Ker*  A  Den*;  P*  grandls  £irenb* s  P*  phospho  ras  L*  P* 
aouleata  Jungersan s  Stylatula  alagana  Kor*  a  Dan*  Pavonaria. 
flna&fohioa  X*  Sara}  gallpteris  ohrletli  (Kor*  A  Dan*); 
funloulina  quadrangularli  (Pall*);  Protoptllua  thaasoni  Koll*; 
Distioheptilun  graolle  Terrill;  Antheptllua  grandiflorua 
(Terrill)}  Kophobeleamen  (Sufcafhebeleanon)  stelliferun 
(0*  t*  Muller)}  tJWbellule  emtrinaa  llndahll  Koll*»  Madre- 
porasriai  Plaballun  alabastrun  Moseley,  p.  naoandrewi 
Cray,  fiepfcaaotroehue  meseleyanus  So later;  funglaoyathns 
f refills  M*  tars,  Vaughanella  sp*;  Lephella  part  use  (L) 

Anphelia  ranee  (L*)  Antlpathar la )  Bathypathes  arotloa  (hStken). 


north  ef  Western  Xorway  (Trendhein  and  the  Lofotens), 
that  la,  the  plaaas  share  the  Servey  ourrent  separates  into 
separate  branohes.  At  Plimarken,  share  the  Verth  Cape  our¬ 
rent  divides  into  the  Murmansk  ourrent  and  the  northern 
branoh  ef  the  Verth  Cepe  ourrent,  Lephella  pert use,  Anphelia 
ranee  and  ether's  fall  out*  OOoaaienal  specimens  ef  funiou- 
liaa  quadrangularli ,  Pavonaria  t i —or Ohio a ,  Pr  lanes  reoedae- 

reaah  the  main  and  eoaetal 
the  Vela  meridian 

_  m  •aoenntep  any  of  thane 

9*1#  Paragergia  atborea  is  eaoeuntered  an  Kepytev 
north  latitude, 15*  east  longitude)*  The  boundary 
of  the  boreal  mm  passes  along  the  tntraaoo  to  Via  fiord 

at  Spitsbergen  (i)  t©  ftb®  ©f  Svyaioy  V©s  Cap®  to 

Eastern  Xawansk  (1C)  but  there  were  no  warm-water  oorals 

at  Veit  Spitsbergen  Or  at  SOef  Island  Or  at  Snetera  Murmansk. 
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There*  however,  ifcore  ©re  ether  warm-water  (animals,  but 
their  n usher  decreases  is  going  te  the  Sett  end  North  with 
gradual  cooling  of  the  Atlantic  waters  (6»  10)*  therefore* 
the  stepwise  nature  of  the  gradual  Impoverishment  ef  the 
wem-weter  fauna  is  a  obareoteristio  feature  of  the  SOfgeo- 
graphjr  of  the  North  At lent io,  and  of  acre  hue  Just  the 
Atlantic*  Apparently*  the  marked  Impoverishment  occurs  In 
plaoes  where  lateral  branches :  eoparate  free  the ..Ifafti  Atlantlo 
currant  or  where  this  ourreat  divides  into  separate  streams, 
in  thosa  araas  Where  vara  eat  oold  waters  are  adjacent  to 
one  another  (Atlantlo  threshold*  Norwegian  Sea)*  negradual 
impoverishment  of  fauna  is  observed;  the  boreal  ahterotic 
fauna  is  separated  here  only  by  a  narrow  transitional  strip 
with  u  mixed  population*  ~  "  t'v 
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Caspian  fouling  end  it*  Changes  in  th*  Pest  Ton  Year* 

(Pro*  1931  Through  ifil) 

Institute  of  Oosanology  of  tho  Academy  of  Soionoo*  USSR* 

0.  B.  Zsvln* 

Introduction 

Appreciable  changes  in  tho  plant  and  animal  fouling 
in  tho  Caspian  Soa  bars  ooourrod  under  tho  influonoo  of  8  ffcotoro 
ohanges  in  tho  hydrobiologioal  oondition*  of  tho  ooa  and  tho 
introduction  of  now  organisms* 

Referring  to  tho  first  faotor  there  are  obangos  in 
the  salinityt  water  temperature »  oxygen  profile,  water  eon* 
tamination*  dostruotion  by  fish*  the  proeenoe  of  competition 
between  organisms*  eto*»  frequently*  tush  obangos  are  not 
long  lasting*  for  example*  the  ehange  in  the  salinity  in  the 
Worth  Caspian  oaused  by.  floods  of  the  Volga  Hirer  last  sever¬ 
al  months*  In  other  eases*  for  example*  with  prolonged  con¬ 
tinuous  contamination  of  the  Hater  in  ports  and  harbors  an 
impoverishment  of  the  fauna  and  flora  ooeure  in  several  years* 
An  example  of  this  is  the  Rakinskaya  Bulchta  /Baku  Bag/*  We 
shall  not  analyse  bore  the  obangos  in  tho  animal  and  plant 
kingdoms  which  take  plaoe  ever  eonturles*  associated  with 
obangos  in  the  climate*  the  level  and  the  geological  history 
of  the  water  body:  the  appearanee*  existence  and  dlsappeer- 
anoe  of  its  connections  with  the  Pont  end  Aral  Soa  (191* 

Tho  inoroaso  in  tho  oalt  content  and  the  unfavorable 
oxygon  profile  in  tho  North  Caspian  in  1936-1937  considerably 
changed  its  benthos  &  88).  In  subsequent  yaare*  in  various 
regions  of  tho  soa*  appreciable  obangos  in  the  benthos  also 
ooourrod  associated  with  tho  ohengc  in  tho  hydrtblelegioal 
profile  (4*  23) » 

Tho  second  faotor*  tho  introduction  of  -now  encrusting 
organisms*  has  been  noted  by  many  investigators*  With  the 
development  of  navigation  in  various  ssas  progressively  more 
introduoento  were  found*  Seme  of  these  organisms  aoelimatiae 
themselves  to  new  plaoes  *  for  exemple*  the  pelyohete  Merol- 
erella*  the  bar aa ole  Slamlnlus  modest us.  the  orabs  Rhlthrlo- 
panopeus  harriel  and  Brioohelr  sinensis  to  the  waters  of 
Northwestern  Suropo*  or  tho  nolluek  Rapana  be soar,  to  tho 
Blaok  Soa*  Others*  suoh  as  lapadids  and  some  balsnids  are 
frequently  carried  into  the  oeld  waters  end  survive  the  first 
summer  there,  and  sometimes  even  multiply  at  this  time*  but 
die  in  th@  win^©?  (80  3.4)  0  Se®@  entrusting  fatssaa 

also  survive  the  winter  in  the  higher  latitudes  (however* 
only  under  distinctive  conditions  in  the  warm  waters  sf 
eleotrio  power  stations  on  the  sea  (30))* 
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Zn  the  Caspian  th*  oonpositlon  and  number  of  •norust*’ 
in*  fauna  ohangad  part ioularly  considerably  aftar  the  opening 
of  tha  Volga-Don  Canal*  than  stony  ship-fouling  organ  Isas  vara 
oarrlod  from  tha  Blaek  Saa  and  tha  Saa  of  As or*  Tha  majority 
of  tha  nav'  intrdduoShts  sdeountarod  no  serious  competitors* 
beoauao  many  aoologioal  niohas  had  not  baaa  oooupled*  Tha 
sxlsttnoo  of  fraa  niohas  in  sueh  a  saa  as  tha  Caspian  is  road- 
ily  axplainad  by  tha  history  of  this  body  of  vat  or*  in  vhioh 
at  tha  baginning  of  tha  oantnry  many  marina  organism*  diad 
out*  and  chiefly  salt-water  and  frash-vatar  organisms  vara 
pros  art  ad,  Mordakhay-Boltevikoy  (19)  nataa  that  thara  ara 
raw  trua  forks  of  epifauna  among  tha  autochthonous  Caspian 
fauna* 

In  tha  1930*0*  apparantly  an  tha  foot  of  diTOrs  £&ird*/t 
Khisoaolania,  diatoms  vara  transplant  ad  ta  tha  Caspian  Saa 
and  aultipiiad  thara  in  traaandaus  numbers*  Two  spades  of 
nullats*  two  species  of  prawns*  tha  polyohata  Barela*  and 
tha  mollusk  Syndasnya*  transplanted  thara  by  biologists, 
survitod  squally  wall  (13,  IS)*  Bowerer*  all  thtaa  organ-- 
las is  exert  a  ocnperatiraly  alight  influehoe  on  tho  fouling* 

Tha  first  eypfeoiable  ohaaga  in  tho  fouling  in  tha 
Caspian  Saa  eeourred  in  tha  19*0*  a*  whan  aftar  tha  nollusk 
uytilaatar  panstrstadinta  tha  Caspian  Saa  an  tha  battens  of 
outtsrs  aftar  rapid  tranafar  of  than  by  rail  fran  tha  Blaok 
to  tha  Caspian  Saa*  Bonravar*  daapito  tha  fact  that  tha  Cas¬ 
pian  fouling  had  not  boon  stndisd  baf ora  tha  iutraduotion  of 
Myt  Heater  it  nay  bo  supposed  that  aft  Or  the  appearance  of 
this  introduced  tho  fouling  ohaagsd  only  qualitatively*  Zn 
tha  Niddla  And  Seutham  Caspian  gytilaater  displaoad  Dr els - 
tiana  and  aooupiad  its  plaoa*  Being  similar  to  Brslsssna  in 
its  alas*  mods  of  attaohmant*  feeding  and  possibly  growth 
rata*  Ntytilaetar  fsmsd  approximately  tha  asms  kind  of  oelen- 
iaa  as  Sralsaana  orsatss  in  tha  Barth  Caspian  and  whiOh*  it 
must  be  supposed.  vara  in  axlatanoa  in  tha  Middle  and  South 
Caspian  before  the  iatreduotlsn  of  Byt lias tar. 

Only  baginning  with  l^jS*1955*  after  the  opening  of 
tho  Volga-Don  Canal*  did  ossontiai  ohangaa  ooeur  in  tho 
fouling  1  on  tho  betted  of  ships*  tha  bamaolas  Balanus  im- 
provisua  and  B*  •burnous,  tha  bryasaan  Blaatra  oruatulanta* 
the  polyohata  Ms  role  rails  anignatloa*  tha  hydrold  Blaok- 
fordla  Virginia**  many  algos  and  nsblla  organisms  anoeuntar- 
ad  in  tha  fouling— the  otab  ShUSuapan opaus  harrlsi*  tha 
mollusk  Nanadaaaa  oalarata*  and  ethers—*  total  of  about  a 
soora  of  apaalaa  pan  at  fa  tod  into  tha  Caspian  Saa*  Thereby* 
tha  mashers  of  tha  in  t  rods  Sants  as  a  rule*  oonaldsrably 
azeaada  tha  oanaus  of  tha  local  spools* •  in  various  parts 
of  th®.  s®s  the  efesngas  la  -the  feulistg  eseufrsd  afe  different 
times*  therefor®*  va  shall  analyse  oath  part  of  tha  Caspian 
Saa  separately* 
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X.  rnllni  la  tM  lirth  Caspian 

Kars*  Cm  grant as t  infiaaaaa  m  tba  f siding  srgaai ena 
ia  oxortod  by  til  rodusod  and  narfcadly  varying  salinity*  Its 
abattgas,  Just  as  aba  santsat  af  organ!*  nattar  and  tba  quun- 
tlty  af  plankton,  a  arsing  as  faad  far  tia  fanling  organisms  * 
dapand  an  tba  snspatadad  nattar  in  tba  Taiga*  Of  grant  alg- 
nif iaanoa  is  tba  swrrant  nbiab  pass as  aiang  tba  wastarn 
sbara  af  tba  Caspian  ta  tba  South*  It  agrriaa  tba  Uma 
af  attaahad  arganisns  nbiab  Ufa  in  tba  nartbsrn  part  af  tba 
saa  ta  tba  Santb*  Sams  nan  intraduoants  (balanns  inpravisus  * 
tba  orsfe  Rhlthrispgaopaus )  first  eppaarad  in  tba  forth  and 
than  bagan  to  spraad  aiang  tba  wastarn  sbara  ta  tba  Santb. 

B.  inpravisus  was  first  farad  by  Saycnkaya  (23)  in  1955  in 
tba  araa  af  Ostrar  £Zslanjy  Kbiniy  and  almost  sinaitansausly 
by  Dsrshavin  (6). at  Zsbaragt  Rhithrspaaapsas  was  fannd  in 
1958  in  tba  Kartb  Caspian  (2i)*  Tba  abnndanaa  af  sastan 
oraataa  oansidsrabia  turbidity  in  tna  Kartb  Caspian)  tbara* 
fara»  tba  algal  fanling  daas  nat  go  daaply  in  tbis  part  af 
tba  saa.  Tba  iaa  rsgularl y  das trays  tba  anarnstatians  loaat* 
ad  pour  tba  snrfaaa  af  tba  watar.  Tba  iay  natnra  af  tba 
ragisn*  as  paintad  ant  by  Taras or  (27),  is  signifiaant  far 
fouling  nat  only  baaanta  af  tba  faat  that  tba  iaa  taars  off 
tba  fanling  but  alsa  baaansa  it  o loans  aff  tba  anti-fowling 
and  anti-rust  oavarinss* 

Va  stndiad  tba  fanling  af  tba  Kartb  Caspian  in  1953* 

1958  and  I960  an  buoys  (Snlaksbiy*  Kas  20,  bt  (or  2b),  50,  73, 
7b,  lbs),  ubiob  in  ovary  oa so  had  stood  from  April  until  Karan* 
bar»Kaoonbor  (Tig  1).  Tba  biadnss  af  tba  anarnsting  fauna 
ia  2.338  inoraasad  by  almost  sight  tinas  a— parad  with  1953) 
in  I960,  by  fiva  tinas  (Tabla  1),  In  bath  oasas  tba  main 
inoraasa  in  tho  bianass  was  givan  by  tba  now  latrsdaeaat* 
Balanus*  Cbangos  in  tba  bianass  af  Draissaaa  and  K|ftilastar 
dopandad  an  tba  salt  oantant  af  tba  watar.  With  reduction 
in  tba  salinity  af  tba  watar  ia  1958  (Tabla  2)  tba  bianass 
af  Praissaaa  inoraasad)  that  af  Nytilastar  daeraasad.  In 
i960,  tba  salt  oantant  af  tba  watar  again  inoraasad*  wbiah 
again  oausad  an  inoraasa  in  tba  bianass  af  Kytilastar  and  a 
roduotian  in  tba  bianass  of  Praissana, 

is  has  alroady  boon  rapartad  (13).  intradaotian  af  tba 
barnaala  £i&lanns/  did  not  raduoa  tba  aansns  af  any  af  tba 
aaornsting  fauna*  Oanwarsaly,  tba  total  bianass  af  tba 
aboriginas  inoraasad  in  bstb  1958  and  I960,  and  tbis  indi- 
©atas  that  tbs  oandit ions  far  than  improved  with  tba  intro* 
daotiiora  ©f  th®  teasmol@s0  fbo  feasm©!©  ©&@S2,s  f ©r«^sd  nr~^° 
ous  sbalt ora  far  nabila  arganisns  and  snail  nsllusbs  and 
oansidarabl y  inoraasad  tba  oorfaoa  ta  wbiah  sassila  arganisns 
oan  attach  thorns elves  by  asnparisan  with  tba  relatively  anaath 
initial  snbstratnn  and  naka  it  paasibla  far  a  largar  nnSbar 

23 


Tab  la  1 


Bioaass  of  Saoruotiag  fauna  on  the  Butjr*  of  tha  North  Cue- 
plan,  Qraiaa  par  Square  Kotor. 
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of  organisas  to  attaoh  theaselves.  Vo  oannot  yet  explain 
the  reason  for  the  narked  reduction  in  the  bioaaea  of  oeroph* 
lida  and  the  disappear anoo  of  gasaarlds  in  I960.  Perhaps, 
this  is  explained  by  the  appearanoe  of  oraba  in  this  area, 
which  eat  the  snail  orustations. 

The  fouling  on  the  buoy*  of  the  western  half  of  the 
North  Caspian  is  greater  than  in  its  eastern  portion  (Pig  2). 
Probably »  this  is  associated  with  the  abundance  of  food 
brought  in  by  the  Volga*  The  buoys  located  to  the  north  in 
1938- 1960,  when  B.  i’oprovisus  beoano  the  leading  fora  in  the 
fouling,  were  less  onorustod  than  the  buoys  looated  to  the 
south.  Evidently,  too  low  a  salt  content  (loss  than  6*8 
grans  per  thousand)  is  unfavorable  for  barnaoles.  In  1953* 
even  before  introduction  of  the  barnaoles  into  the  Caspian, 
the  greatest  fouling  was  observed  in  the  western  part  of  the 
North  Caspian.  The  highest  bloaass  in  this  year  ooourred 
on  buoy  Xo  142  and  was  ofeated  there  by  Broissona.  In  1938 
and  I960,  on  buoy  No 142  and  the  adjaoent  buoy  Vo  3,  the 
fouling  was  not  much  less  than  in  1933 0  On  buoys  located 
fc©  tfe©  south  it  mo  ovo®  groatoro  In  Ohio  a§>©as  feoeataao  o£ 
the  considerable  fresh  water  eontent  there  were  praotioally 
no  barneoles,  and  Broissona  was  p rad on leant  in  the  fouling. 
The  bryosoan  Bleotra  orustulenta  appeared  on  tho  buoys  at 
Bautino  in  1938*  In  i960,  it  was  quite  abundant  on  those 
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From  Rooks  and  Marlin  Spikes* 


««»7  •  *•  From  Buoys |  2* 


Table  2 

Moan  Monthly  Salt  Oontont  at  tha  Surfao*  of  ‘tho  Vator  at 
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buoys  but  had  not  yat  appeared  In  tha  other  regions  of  tha 
Morth  Caspian*  Mo  essential  Increase  in  the  biomass  of  the 
fouling  was  observed  because  of  this  speoiesi  even  the  con¬ 
verse  was  the  oasei  where  tho  bryosoan  settled  first  barn- 
aolas  did  not  grow. 


XX. 

Fouling  on  the  Western  Coast 

The  water  along  the  western  ooast  is  different  from 
the  water  of  the  Worth  Caspian  in  having  a  higher  and  more 
porslstent  salt  content  (about  12-13  grams  per  thousand)  and 
greater  transparency*  The  salinity  of  the  water  lnoreases 
somewhat  toward  the  South*  The  temperature  in  the  South  in¬ 
creases  considerably *  which  has  an  influenoe  on  the  growth 
rate  of  organisms*  The  leading  forms  of  fouling  along  the 
entire  Western  ooast*  aside  from  the  voxy  muoh  oontaminated 
ports*  are  the  same*  The  fouling  of  the  Middle  and  South 
Caspian  are  different  from  that  of  the  Morth  Caspian  in  the 
faot  that  whil©  Sreis«@na  is  ©noounterod  in  the  Jf©rth0  ©raly 
ESytilaDtos1  participates  in  tho  feisllras  of  tho  ©oaotol  watora 
of  the  Middle  and  South  Caspian* 

Balanus  improvlsus  appeared  almost  at  the  same  time 
along  the  western  ooast  and  in  the  North*  In  1936*  this 
speoles  was  enoountered  in  abundanoe  along  the  western  shore 
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-  So  ©burnous  was  found  on  tho  wost  ©ogd$  in  1959  in 
the  sheltered  and  polluted  hays  @f  ©strev  Lz-tca  (2©)®  Slte« 
tra,  which  appeared  In  the  Caspian  Sea  enly  1©  l!>95®*  along 
the  eastern  shore  (1,  11) »  was  found  in  i960  in  the  area  of 
Makhaoh-Kale »  In  the  neighborhood  of  Bakins kayo  Bukhta  (jU*7 
and  south  of  It*  She  orab  Rhithropanopaus 0  first  found  In 
1958*  had  spread  along  the  entire  western  shore  ef  the  sea  hr 
the  winter  of  i960 -6 1. 

fouling  In  the  Region  of  Xaberg*  The  nost  detailed 
observations  were  uade  in  the  region  of  Xaberg,  where  the 
fouling  was  oolleoted  fron  the  poles  of  an  oil  stoekade  and 
fron  experimental  plates*  The  introduction  of  the  baraaoles 
had  a  partlouUrljr  great  influence  on  the  early  stages  ef  the 
succession*  In  1951-1955,  before  latrenuotien  ef  the  barn- 
aoles,  the  fouling  biomasc  on  the  plates  whloh  had  steed  in 
the  sea  for  four-five  nenths  reaohed  approximately  one  kllo- 
gran  per  square  no  ter.  In  1956,  when  the  bamaole  appeared, 
the  fouling  bioaaso  on  theee  plates  was  stout  throe  kilograms . 
per  square  not or.  In  1957 »  when  the  baraaoles  beoane  numer- 
ous,  the  biomass  of  then  alone  ooourrlng  on  the  platee  four- 
five  nonths  after  they  were  exposed  was  six  kilograms  par 
square  meter 1  in  addition,  six  kilograms  per  square  meter 
came  from  the  autoehthons,  whose  number,  ae  has  been  mentioned 
above,  also  considerably  increased  during  thase  years. 

In  the  fouling  which  had  existed  for  many  years  on  the 
poles  the  effeot  of  the  new  intreduoent  was  most  appreoleble 
at  the  water's  edge,  where  prior  to  its  appearance  algae* 
whloh  do  not  produoe  a  large  biomass,  had  been  predemlnamt 
but  where  the  poorly  attaohed  Urtilaster  was  washed  away  ty  a 
strong  waves  (12).  Baraaoles,  whloh  oan  withstand  a  shearing 
foroe  from  67  to  kilograms  eaoh  (2),  even  withstand  strong 
wave  Impaots*  While  in  1956  the  average  barnacle  biomass  at 
th*  water's  edge  was  about  2*5  kilograms  per  square  meter,  in 
1957  it  had  incraaaed  to  almost  six  kilograms  per  square  meter, 
and  along  with  this  there  was  else  an  increase  in  the  blemaee 
of  Hftilaster  (to  2*6  kilograms  per  square  meter)* 

On  the  poles  which  had  stood  at  Xaberg  for  several  years, 
not  only  a  large  barnacle  biomess  but  also  a  Rytllaster  bio¬ 
mass  whloh  had  increased  to  almost  nine  kilograms  per  square 
meter  wore  observed*  Suoh  a  largo  Rytllaster  bifmass  at  the 
water's  edge  had  never  boon  obeorvod  previously. 

At  a  depth  of  1.5  motors  the  bara»ole  and  Rrtllastor 
biomasses  in  1958  wore  equal  to  6.8  kilograms  per  square  motor 
eaoh}  oven  deeper,  the  bamaole  biomass  was  k»5  kilograms  par 
square  motor;  that  of  iQrtllaeter,  ao  high  as  three  kilograms 
per  square  motor*  Hero,  the  biomass  of  Nytilaeter  practically 
did  not  Qhang®  after  ifc®  appsaroEse©  of  te&s>eiao3,©ao  Bayfefe  esa  t&o 
plGtoc  Gsad  on  th©  polos  in  195^  tbore  we r®  barsmelejs,  hut 

in  1958  their  number  had  reaohed  a  peak  (five  kllegrams  per 
square  meter)*  Xt  may  be  supposed  that  in  the  future  the 
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MUEfsag*  ©f  te&maolts  will  deemit  *o»#wh*t ,  as  »•  cbssrvsd 
in  «h»  aoTvh  vlipiu  in  Hw« 

foulinc  in  tbs  r#gisn  of  Apshorotsskiy  Poluostror 
/Xpsbsrsn  Peninsula/  •  In  1953-1954,  1958-1939,  1960*1981 
wo  oollostad  fouling  ttm  buoys  it  tbs  foilswing  bsakst 
Apsbsrsnskly,  Opainyy.  Bdlalftalhdt  MakarOr#  Tsumi*.  And 
Zhiloy,  KhsnlAr  liar  (in,  Sraynsy*  Sssrusbonly,  8baidktfrA  Ksaa 
islands,  I*S  dll  tbs  busy*  wn  ssdaidsd  rrtry  viar*  id 
addition'*  tbs  busy*  dtas*  i*  tbi  witor  for  diffarsot  psrlods— 
fron  ons  ts  tiro  yssrs.  Bowawar,  bseauss  ovary  yaa*  thsrs 
wsrs  bttsys  wbleb  bad  stssd  »as,  ana  and  a  half,  and  two 
.  yssrs,  ws  ssasidsrsd  it  iissibls  ts  eoajblns  all  tbsso  data 
(Tabls  5),  Obtaining  a  pioturs  sf  tbs  fsalinf  obaraotario- 
tlos  sf  tbs  region* 


Tabls  3 


Bisaass  (Grans  psr  square  Motor)  of  fouling  on  Buoys  Vhioh 
Sad  Stood  in  tbs  Arsa  of  Apsbsrsnikly  Poluostrov  on# -two 
yssrs. 


1.  Organisns*  2.  Tsars*  3*  Algao*  4.  Mydroids*  5*  Coropbiids; 
6.  My  t  lias  tor}  7*  Gordina*  8.  Bamaelss*  9*  Syndssaiia;  10. 
Grab*  11.  llsotra*  12.  Total  Bisaass. 


In  1953-1954.  Mytilastsr  was  prsdsainant  in  tbs  foal¬ 
ing*  tbs  a  tbs?  aainals  and  algas  wars  osnparatiwsly  spars#. 
Tbsso  wars  algas*  bydrsids*  osrspbiids  and  stsall  oardiids. 
Tbs  lattsr  wars  always  snoowutSrsd  aaoag  thick  ooloniss  of 
Mytilastsr*  bsoans#  Mytilastsr*  bold  tbs  oardilds,  attaching 
to  tfem  with  byssn#  threads. 

r;  In  1958-2959,  barnaolss  wars  prsdsainant  in  tbs  foul¬ 
ing  libisb  bad  appeared  in  1956  (10).  lbs  bisaass  of  Mytil- 
astsr  dssrdtesd  by  four  tlass.  Zn  tbs  sons  yssr  /X956-195g7 
jraesgea  wds8©  bg^drolds  at  ©12  teat  tbs  ©sstesg1  ©oro^aiid 0 

ffi2aiftf(&5Q£‘ssi8Qd  fcy  sssay  $£aas« 

Xa  1960-1961,  tbs  auabsr  sf  barnaolss  increased  and 
tbare  was  a  aiasltanssus  laorsass  in  tbs  nunbsr  of  spsolasns 
sf  %tHastsr  and  bydrsids  and  a  dsorsass  in  tbs  nuabsr  of 
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0©S“©g32iii&3  ©©Er^aS’iSOB  Witfe  1938°  XS8  2.960  th©  ss©w  isstro^ 

duoen  t  s —e rafe®  -Slsotra  and  ©toss  Spndosaia*  «bicbf  like 
Cardius,  had  csss  into  the  groups  of  Hytilsster— plsyod  an 

appreciable  role,  though  less  than  th©  fora©  mentioned  above. 
Th©  total  bioaa©©  of  fouling  on  tho  buoy©  In  1958  dooroa«©d 
somewhat j  In  i960  it  lnoroa©od  a  llttlo  ooapared  with  1953* 
Tho  considerable  ohanges  in  bioaa©©  a©  had  ooourrod  in  tho 
North  Oaaplan  voro  not  obsgrvad  horo.  Probably,  thl©  wae 
oxplalnod  bp  a  aarkod  drop  in  tho  Mjrtllastor  biotas©  in 
thl©  roglon,  and»beoause  one-two-pear  fouling  In  ■ia.iU  Hptil- 
aster  was  prodoalnant  was  taken,  oron  tho  appoaranoo  of  a 
largo  nuabor  of  barnaolo©  and  othor  now  Introduoont©  oould 
not  ooaponsato  for  tho  roduotlon  In  tho  nuabor©  of  Hptll- 
aeter. 

Tho  Hptilastor  bioaa©©  on  buop©  whloh  had  stood  froa 
ono  to  two  poor©  was  four-sixteen  kllograa©  por  square  aotor 
In  195?i  on  buop©  whloh  had  stood  ono-on©  and  a  half  pears* 
1.3-5  kllograa©  por  square  aotor  In  1958.  However ,  oven 
with  suoh  a  aarkod  roduotlon  In  tho  nuabor  of  IQrtllaotor 
It©  bionac©  osooodod  that  of  tho  barnaolo©.  Tho  greatest 
barnaolo  bioaa©©  wa©  observed  on  buop©  which  had  stood  nine 
months  1  then  It  graduallp  foil  off.  whereas  tho  Mptllaotor 
biomass  Inoroasod. 

A  number  of  authors  (9*  2k,  ^1)  note  that  tho  barnaolo 
colonies  are  graduallp  roplaood  bp  colonies  of  aollusks. 
Therefore*  It  boooaos  understandable  whp  tho  fouling  had  not 
inoroasod  aarkodlp  on  tho  buop©  whloh  had  stood  in  this 
roglon  for  a  long  time. 

Tho  roduotlon  of  tho  Nptllastor  biomass  in  this  roglon 
was  caused  bp  ©oao  kind  of  hydrological  or  blologloal  foot or, 
tho  nature  of  which  oould  not  bo  determined.  Vo  oannot  be¬ 
lieve  that  the  introduction  of  barnaolo©  had  an  influeno© 
here,  because  in  this  ease  tho  Nptllastor  biomass  would  have 
decreased  just  as  auoh  In  tho  other  regions  of  the  sea,  but' 
this  did  not  ooour.  Possiblp*  tho  progressively  greater 
pollution  of  Baklnskapa  Bukhta,  whloh  1©  now  affecting  the 
waters  surrounding  tho  bap  also,  played  a  part. 

fouling  In  tho  Roglon  of  tho  Baku  Arohlpolago  and 
Zallv  /5ulf7  Kirova.  In  this  roglon  tho  ©ample©  wore  taken 
in  195*-193*  and  In  1958-1 939  from  buop©  whloh  stood 
off  Svinop,  Kamon'  Ignatiy  a  Islands  and  froa  tho  banka  of 
Pogorolapa  Plita,  Kornllova-Pavlova.  Pavlova,  Savonko* 
Karagedova,  Sal1 panskip  Ropd,  Kuril* ©kapa  Otaol* »  Kaladaglpa. 
Vo  ooabinod  tho  data  for  buop©  whloh  had  stood  in  this  area 
for  about  a  pear  (Table  4).  In  1958-1959  there  wa©  an 
appreciable  roduotlon  in  tho  quantity  of  Nptllastor  bp  00m- 
parioera  with  1933-19 S&  but  not  s©  great  a®  at  th©  A^ehorea0 
ately  Pelucotrovo  Thoro  •ae.o  aloe  a  EarkGil  rcduotloa  Isa  th© 
biomass  of  hpdroids ,  whloh  was  observed  throughout  tho  00a 
In  1958.  However,  because  of  tho  barnaoles  tho  total  fouling 
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biomass  lnore&sad  by  more  than  two  times.  Such  an  lnorease 
la  partly  explained  by  the  fact  that  we  took  annual  fouling; 
who  to  the  quantity  of  barnacles  is  usually  high®  Probably e 
the  higher  water  temperature  and  lower  degree  ef  pollution 
than  In  the  previous  region  played  a  part  also*  In  i960 -6 1, 
in  this  area  of  the  sea  it  was  impossible  to  take  quantita¬ 
tive  samples*  However,  qualitative  sample!  taken  from  the 
buoys  and  samples  taken  by  N*  Pavlova  and  I*  K*  Sadykhova 
in  tha  summer  of  1961  in  Zaliv  imenl  Kirova  permit  us  to 
say  that  the  orab  and  Sleotra  are  enoountered  along  tha 
western  shore  of  the  Caspian  to  tha  border*  In  addition, 
on  shells  of  orabs  from  Zaliv  Kirova  and  on  ships  from 
•Sal'yenskiy  Reyd  va  found  a  hydro  id,  which  has  not  boon  seen 
before  in  the  Caspian  Sea,  classified  as  Perlgonlmus  medas 
Kinne  by  0*  V*  Naumov.  Sadykhova  (26)  noted  a  large  number 
of  barnacle  larvae  among  the  plankton  of  Zaliv  Kirova* 

Fouling  In  Bakinskaya  Bukhta.  In  Bakinskaya  Bukhta 
the  fouling  is  different  from  the  other  regions  of  the 
Caspian,  because  here  tho  greatest  influence  is  exerted  by 
the  Industrial  and  domestlo  pollution  (12,  22) *  With  re¬ 
spect  to  Its  degree  of  pollution  Bakinskaya  Bukhta  can  be 
divided  into  three  areas:  tha  first  area*  whioh  is  adjaoent 
trf  tha  part  of  the  olty  where,  aside  from  domestlo  pollution, 
ohemloal  wastes  of  numerous  enterprises  enter  the  water;  in 
this  area  there  is  a  complete  absenoe  of  gross  fouling*  In 
the  second  area,  whioh  borders  the  first  area  near  the  olty 
and  cooes  olose  to  the  shores  only  where  the  first  area  ends, 
domestic  pollution  and  pollution  with  petroleum  produots 
predominates,  and  here  the  main  fouling  oonslsts  of  the  bryo- 
soans  Bowerbankia  umbrloata  oaspla,  Viet ere 11a  pavida  as 
well  as  the  blue-green  and  dlatomaoeous  algae.  The  third 
area  oocuples  the  middle  portion  of  the  bay  and  of  the 
strait  leading  into  it.  The  water  here  is  purer;  however, 
there  is  muoh  or  ganio  matter  and  petroleum  products  here* 

The  leading  forms  of  fouling  are  Mytilaster,  Balanus  improv¬ 
ises  and  the  bryozoan  Bowerbankia*  The  first  two  species  are 
in  a  depressed  state*  The  barnaole  shells  are  thin-walled 
and  fragile.  In  the  oolony  there  are  a  large  number  (some¬ 
times  more  than  half)  of  dead  individuals. 

Changes  in  ths  fouling  whioh  ooeurred  in  the  Caspian 
Sea  did  not  at  all  affeot  the  first  and  second  areas  of 
Bakinskaya  Bukhta,  In  the  first  area,  as  before,  fouling  is 
absent;  in  the  second  area  it  is  repreeented  only  by  bryo- 
zoans  and  some  algae.  This  is  useful  for  ships  based  in 
Bakinskaya  Bukhta,  bsoaute  those  ships  whioh  are  anohored  at 
the  shores  ooms  into  ths  first  or  seoond  area,  and  here  they 
are  not  oncrustad  at  all  or  else  thoy  are  oovered  with  a  film 
of  bryosoana,  whioh  produo©  a  comparatively  small  bieaaas, 
not  more  than  0.8  kilogram  per  oquar©  motor,  largo  ohlpo 
which  stand  at  anohor  oan  bs  snorustal  with  barnaolos  and 
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Mytilastor,  because  they  are  in  the  third  area,  where  as 
early  as  19 58  barnacles  were  encountered  in  large  number*. 
However,  the  settlement  and  eurvival  of  barnaoles  and  Mytii- 
aeter  in  thi»  part  of  the  bay  depend  on  the  wind*  and  the 
ourrent*  which  they  produce.  In  the  presenoe  of  long-lasting 
driving  winds  the  vats?  becomes  very  much  polluted,  and  the 
barnaoles  and  Mytilastor  die.  Therefore,  even  in  this,  the 
cleanest  part  of  the  bayi  conditions  for  the  development  of 
fouling  are  less  favorable  than  in  the  other  regions  of  the 
Caspian  Sea.  Hew  introduoents ,  aside  from  B.  improvisus, 
have  not  yet  been  noied  in  Bakinskaye  Bukhta. 

Table  4 

Biomass  of  -Fouling  on  the  Buoys  Standing  in  the  Region  of 
the  Baku  Archipelago  About  a  Year,  Grams  per  Square  Meter. 
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1.  Groups  of  Organisms;  2.  Years;  3,  Algae;  4.  Hydroids; 
5.  Corophlids;  6.  Nereis;  7.  Gammarids;  3.  Mytilastor; 
9.  Barnaoles;  10.  Total  Biomass. 


At  the  entranoes  to  Bakinskaya  Bukhta,  on  the  buoys 
standing  off  Ostrov  Kargina,  in  some  years  unusually  large 
fouling  was  observed.  In  1354,  on  a  buoy  here,  which  had 
stood  for  one  and  a  half  to  two  years,  the  average  biomass 
was  about  19  kilograms  per  square  meter  and  the  largest  bio¬ 
mass  reaohed  20  kilograms  per  square  meter.  The  stimulating 
effeot  of  domestic  sewage  on  certain  organisms  (Balanus 
improvisus,  Rhithropanopeus  Harriet  and  Nereis  suocinea)  has 
been  shown  by  Filioe  (29).  Substances  harmful  to  the  organ¬ 
isms  are  present  here  in  such  oonoentration  that  they  cannot 
kill  or  oheok  the  following,  and  the  large  quantity  of  or¬ 
ganic  impurities  and,  probably,  the  plankton  make  it  possible 
for  a  large  number  of  animels  to  develop.  However,  in  some 
years  tho  biomass  on  ths  buoys  in  this  region  was  consider¬ 
ably  1qs3o  S'© r  o sample,  in  1958  tho  avorago  fouling  biomass 
on  the  Ostrov  Nargina  buoy  after  it  had  been  in  the  water  for 
nine  months  was  five  kilograms  per  square  meter,  whereby  the 
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majority  of  b&rnaoies  had  died.  Probably*  the  current*  in 
this  year  had  corns  from  polluted  plena*  in  the  bay  to  the 
buoy*  and  the  barnaoles  oould  not  stand  suoh  great  pollu¬ 
tion. 

XXI.  fouling  Along  the  Eastern  Shore 

In  its  open  parts  the  Sastern  shore  is  distinguished 
from  the  Western  by  greater  olarity  of  the  water*  a  smaller 
oontent  of  organio  matter  in  the  water*  and  frequent  driving 
winds  in  the  summer.  Because  of  the  olarity  of  the  water  the 
algal  zone  goes  muoh  deeper  here,  and*  correspondingly*  the 
fauna  begin  to  predominate  at  a  greater  depth.  A  smaller 
quantity  of  organio  matter  and  plankton  causes  some  impov¬ 
erishment  of  the  benthos.  The  driving  winds  also  oontrlbute 
little  to  the  development  of  fouling,  oarrying  off  the  larvae 
of  enorbstlng  fauna  into  the  open  sea.  The  main  current 
goes  from  the  North  Caspian  along  the  Veetern  shore  to  the 
South  and  then  goes  northward  along  the  Saatern  shore. 
Therefore*  the  eno rusting  fauna  introduced  into  the  North 
Caspian  firet  spread  along  the  Western  shore  and  then  along 
the  Sastern.  This  is  how  it  was  with  the  barnaoles.  The 
same  thing  oocurred  with  the  orab*  whloh  for  two  years  (from 
1953  to  i960)  settled  and  spread  along  the  entire  Western 
shore  and  only  in  the  summer  of  i960  did  it  first  appear  on 
th*  Eastern  shore.  However*  the  oondltions  along  the  entire 
Eastern  shop#  are  inhomogene oue I  temperature  differences  are 
particularly  great  in  the  northern  and  southern  parts  of  the 
East  ooast.  Krasnovedskiy  Zaliv  is  distinguished  particu¬ 
larly  in  its  temperature  conditions*  salinity  and  other 
factors. 

Fouling .in  the  Region  of  Zaliv  Aleksandr  Bay.  This 
region  is  far  from  the  sea  transport  lanes.  True,  sometimes 
fishing  vessels  come  here  and  bring  in  pew  fouling  organisms • 
However,  in  general*  beoause  of  its  remote  looation,  lntro- 
duoente  appeared  here  later  than  in  the  other  areas.  Thus* 
in  19 56*  in  the  gulf  and  in  its  environs  barnaoles  had  not 
yet  appeared  (13).  In  1938  there  were  few  of  them,  but  by  i960 
their  biomass  had  inoreased  by  three-four  times  (Table  5). 

The  other  introduoents,  orab*  Bleotra*  Meroierella)  had  not 
yet  appeared  in  the  area  between  Kenderli  and  Bautino  in 
I960.  If  we  oonsider  the  general  rate  of  dispersal*  these 
introduoents  may  be  expected  here  after  one-two  years. 

The  fouling  biomass  in  Zaliv  Aleksandr  Bay  is  greater 
than  in  the  Bautino  region,  which  is  possibly  explained 
by  the  foot  that  the  Gulf  ^Zaliy/ls  somewhat  sfcaltered  from 
th©  wind  and  th®  wa tor  hare  in 

Fouling  in  the  Region  of  Kenderli  and  in  the  Environs 
of  Kara-Bogas-Gol.  This  area  is  warmer*  although  in  the 
summer  the  abysmal  oold  deter*  sometimes  oeme  to  the  eurfaee. 
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Table  5 


Biomass  of  fouling  Organisms  on  a  Buoy  in  4u3.iT  Aloksendr 
Bay  Aftor  Seven  Months,  Oran*  par  Squara  Oantimatar. 
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1*  Groups  of  Organisms t  2*  Yaarst  3*  Algaa;  k,  Myt lias ter; 
5*  Corophilds;  6*  Oanmarids;  7.  Hydroids;  8*  Barnacles; 

9*  Tatal  Biomass. 


Tharafora,  tha  fouling  bioouiss  hara  is  considerably  graatar 
(Tab la  6)  than  in  tha  more  northerly  ragians  of  tha  Bast 
ooast.  No  Blaotra,  Maroiaralla  or  crabs  wars  anoountarad 
hara  either.  At  tha  antranoa  to  Krasnovodskiy  ZaliT,  vhara 
it  is  warmer,  tha  fouling  biomass  is  oonsidarably  aora  abun¬ 
dant  than  at  Kara-Bogas-Ool. 

fouling  in  tha  Area  of  Ostror  Qgurohinaki y.  In  this 
region  a  Tory  large  amount  of  fouling  is  always  observed 
because  of  tha  high  water  temperatures  da  do  not  have  any 
comparative  data  for  this  region  for  different  years*  In 
195&,  samples  ware  taken  from  a  buoy  whloh  had  stood  at 
Banka  Livanov  for  Sevan  months  (Table  7)*  The  biomass  of 
tha  fouling  on  this  buoy  (7*5  kilograms  por  squara  meter) 
was  more  than  four  timoo  greater  than  '•n  tha  buoys  in  tha 
North  Caspian  before  tha  introduction  tha  baruaoles.  On 
buoys  whioh  had  stood  17-18  months  had  bean  taken  out  of 
tha  water  in  1961,  tha  biomass  of  the  fouling  was  11  kilograms 
par  square  mater,  which  is  not  so  muob  if  we  compare  it  with 
tha  biomass  oh  buoys  standing  at  tha  antranoa  ta  Krasnovodskiy 
Zaliv  or  in  tha  atraits  leading  to  Kara-Bogas-Ool.  Possibly, 
tha  buoys  stood  far  fro®  the  shor©  sad  £©t?©r  lar^a©  settled 
on  theao 
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Tablo  6 


Biomass  of  Fouling  Organisms  (Grams  por  Squars  Motor)  on 
ths  Buoys  Which  Hod  Stool  at  Xlanly  for  Soron  Months,  at  tho 
Bntranoo  to  Krasnovodskly  ZaliT  for  SaTontson  Month* «  and 
in  Kara-Bogas-Gol ,  for  Tvonty  Month*  • 
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1*  Groups  of  Organists*  j  2.  At  Klanlyi  3*  At  tho  Bntranoo 
to  KrasnoTodokly  ZaXiv;  4*  At  tho  Bntranoo  to  Kara-Bogas- 
Golj  S„  Algao;  6,  Mytllastori  7*  Oorophlids;  8.  Oaaata- 
ridsj  9*  Morals j  10,  Barnaolo*|  11*  Hydroids;  12.  Oar- 
diids ;  13.  Prawns i  l4»  Total  Biomass. 


Tablo  7 

Bionas*  of  fouling  on  Buoys  to  tho  South  of  XrasnoTodskly 
ZaliT,  Brans  por  Squaro  Motor* 
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Sayan  Months  in  195^1  3*  Soron  Buoys  Whioh  Stood  for  17-18 
Months,  froa  1959  to  19^1i  4,  Algao $  5*  Hydroids ;  6.  Ny- 
ti las tor j  7*  Oorophlids ;  8.  Oojssarlds;  9*  Barnaolts;  10. 

Total  BiocaaSo 
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I©u ling  in  JRrasnovodskir  Zaliv.  Th*  gulf  boats  up 
mil  is  thj»  <suamc*r.  but  in  th*  winter  th*  tsap*r*tur*  1* 
quit*  low.  Th*  salt  o*nt*nt  of  th*  w*t*r  is  *om*what  high** 
than  in  th*  g*a  (approximately  W  crawl  per  thousand)  ani» 
th*  min  thine*  th*  gulf  it  sheltered  to  suoh  *  d*cr**  that  th* 
larra*  *1  organism  oomlng  intt  |t  on  th*  bottoms  *f  ship* 
remain  b*r*  and  ar*  not  oarriod  out  int*  th*  op*n  **a.  After 
so tt  ling  in  Kraeaevedakly  Zaliv ,4a*h  *ifiai«M  subsequently 
attaoh  tbomaolv**  t*  th*  bottoms  *f  ship*  ah d  ah*  o*rri*d 
all  over  th*  ***•  Xi  is  T*ry  probable  that  this  ooourr*d 
with  Bo  oburaous *  which  was  first  found  h*r*  in  1956  U©). 
Bl«etra  was  also  first  found  in  fcreonevedsk  (11).  trim  hire 
it  apparently  was  oarriad  t*  Bautin*  «n  th*  bottom  *f  ship* 
and  th«n  to  th*  ar**s  *f  Baku*  Makhaoh-Kala*  Lenkoran*  and 
other  ports  in  th*  kiddl*  and  South  Caspian.  V*  first  found 
M*roi*r*lla  in  th*  wint*r  *f  1961  *n  th*  bottom  of  ships 
traveling  b*tw**n  Baku  and  Krasnovodskt  in  th*  axtassor  of 
1961  it  was  *aoonat*r*d  in  Krasnov odokiy  Zaliv  in  mss  am¬ 
bers*  In  th*  autumn  of  19dl»  in  th*  gulf  and  in  its  environs , 
w*  found  an  alga  n*w  for  th*  Caspian,  classified  tty  L  O. 
Zinova  as  Monostrom*  latlsaiaom  (Ku*ts)  Wittr.  a.  inproviSus 
was  not  found  in  Krasaovodsk  first,  but  it  aust  b*  supposed 
that  in  1956  it  was  *no*uat*r*d  in  th*  bay.  although  w*  did 
net  find  it  in  th*  fouling  on  hawsers.  This  sp*ol*s  is  *n- 
oount*r*d  in  Krasnovodskiy  Zaliv  only  in  th*  niddl*  part  of 
th*  bay  and  at  th*  *zit  fro*  th*  bay.  which  w*  did  not  In¬ 
vestigate  in  1996  and  1958*  However,  probably  B.  iaprevisus 
was  already  h*r*  in  195o  and,  p*rbap*.  in  1955  also,  beoaus* 
in  1956  it  was  *no*unt*r*d  la  th*  environs  of  th*  bay. 
According  to  th*  v*rbal  report  *f  X.  x.  K*ndakov,  in  th* 
suani*r  of  1961  th*  hedusa  Blaokferdia  virginioa.  whioh  had 
settled  in  th*  Caspian  S*a  s*v*ral  years  before  (17.  18)  was 
eneount*r*d  in  Krasnovodskiy  Zaliv  in  mas*  numbers.  Th* 
polyps  of  this  modusa  had  not  y*t  b**n  *noount*r*d  in  th* 
fouling. 

With  r*sp*ot  to  th*  oonpesltioa  of  its  fouling  in  1961 
Krasnovodskiy  Zaliv  oaa  b*  divided  r*ugbiy  into  two  areas. 

Th*  first  area*  th*  coastal  strip  in  th*  region  of  th*  olty.  is 
very  muob  polluted  with  domstlo  wastes  fron  th*  oitr  and 
fr«n  ships.  Her*,  th*  fouling  on  th*  mooring  posts  is  extra¬ 
ordinarily  considerable.  of  th*  order  of  30-40  kilogram  p*r 
square  mtor.  Th*  leading  fonts  of  fouling  ar*  Hytllastor. 

B.  *burn*us,  Boworbankia  and  N*rol*r*lla.  Th*  s*oend  area 
consists  of  th*  pur*  waters  of  Krasnovodskiy  Zaliv  1  th*  load¬ 
ing  forms  of  fouling  h*r*  ar*  Kyt lias ter.  B.  inprovisus . 
Ooldylophora  oaspla  and  oorophiids.  Th*  ay*rag*  fouling  bio¬ 
mass  is  seaewfe&t  less.  About  SO  kilograms  per  square  siatero 
In  s*a  water  pipes,  whioh  really  belong  to  the  first  area* 
organism  of  th*  sooond  area  ar*.  as  a  matter  of  faot.  en¬ 
countered  in  large  numbers,  namely.  Ooldylophora  and  B. 
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laprowisus » 

This  ooeurs  because  condition*  in  the  fast  current  of 

water  within  the  pipes  art  nor*  lik*  tho«*  in  th*  pur*  waters 
of  th*  gulf  than  in  th*  stagnant  polluted  waters  near  th* 
shore* 

Th*  growth  rat*  of  fouling  organisms  in  Krasnowodskiy  Zahf 
is  hi£x  and  an Inals  h*r*  r«*oh  a  large  else,  suoh  as  w*  haw* 
not  *noount*r*d  in  other  regions  of  th*  Caspian  S*a«  A  con¬ 
siderable  number  of  th*  Hytilaster  on  th*  mooring  posts  at 
th*  port  r«aoh*d  lengths  of  20-25  millimeter*  and  *w*n  30 
millimeters *  and  B*  sburntu*  had  a  diameter  of  its  base  of 
up  to  28  millimeters  and  a  height  of  25-28  millimeters* 

Conoluslon 

Th*  introduction  of  new  enorusting  organisms  not  only 
changed  the  fouling  in  the  Caspian  Sea  but  also  had  an  influ¬ 
ence  on  the  life  of  the  entire  water  body*  The  basis  of  the 
fouling  is  constituted  by  attaohed  organisms*  They  make  it 
possible  for  mowing  organisms  to  exist  among  them;  the  latter 
find  shelter  there  and*  in  the  majority  of  oases,  food  also. 

So  far,  mowing  forms  speoiflo  of  fouling  are  unknown*  Th* 
number  of  mobile  organisms  in  th*  fouling  usually  consider¬ 
ably  exoeedsthelr  number  encountered  on  other  substrata, 
although  exaot  oaloulations  haw*  not  yet  been  mad*  for  th* 
Caspian*  There  is  a  constant  circulation  between  mowing 
fouling  organisms  and  benthos.  Certain  benthos-eating  fish 
feed  on  the  mowing  and  on  many  sessile  organisms* 

Th*  fouling  is  also  oonneoted  with  plankton*  Plankton 
serwes  as  food  for  many  fouling  organisms;  Dreissena,  Hytil- 
aster,  barnaoles,  hydrolds  and  bryosoans  partially  or  oom- 
pletsly  feed  on  plankton*  On  th*  other  hand,  the  fouling 
organisms  supplement  the  plankton  with  their  own  larwae*  In 
recent  years,  in  th*  ooastal  regions  of  the  Caspian,  bamaol* 
larwae  constitute  up  to  60  peroent  of  the  plankton  in  the 
summer  (26).  Swldently,  they  constitute  a  considerable 
fraction  of  th*  ration  of  plankton -eating  fish.  In  their 
turn,  the  barnaol*  larwae  oan  eat  the  larwae  of  fish  (7)* 

The  filtering  fouling  organisms  exert  a  considerable  influenoe 
on  the  suspension  present  in  th*  water,  not  only  utilising  it 
as  food  but  also  precipitating  it  to  the  bottom  (5)*  In  th* 
future,  the  introduction  of  a  number  of  other  animals  from 
the  alaok  Sea  and  Sea  of  Asow  into  the  Caspian  Sea  may  be 
expected*  Th*  appearano*  of  new  speoles  of  hydrolds,  bryo¬ 
soans*  polyohetes  and  some  crustaoeans  should  net  exert  muoh 
offset  on  th©  fouling  existing  at  the  present  time*  Th®  jrclr> 
of  suoh  organisms  as  crabs,  Chthamalus  stellatus,  0*  depressua, 
end  th*  mollusk  Rapana*  Ucwewer,  th*  greatest  Influenoe  oan 
be  exerted  by  mussel*  and  teredinids  if  they  are  able  to  pene- 
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treto.  into  tho  Caspian  Sea.  Mussels  will  inore&Q©  the 
fouling  biesues,  particularly  the  perennial  bioaase.  by  2-3 
tissii  Shu  «u*  f*»  years  *f tsr  introductiori 

when  chare  i«  an  outburst  of  the  new  organism.  the  fouling 
may  be  inoresssd  even  here. 
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